ABSTRACT: Improvement of farrowing rate (FR) and litter size (LS) of sows that are AI with frozenthawed (FT) semen can hardly be reached without identification of the factors behind the high variability seen among trials. Three experiments using weaned (4-d wean-to-estrus interval) multiparous (parity 2 to 7) sows were conducted to evaluate the effect of period of the year on FR and LS of FT-inseminated sows in southern Spain. Sows were grouped into 2 periods of the year: winter-spring (November to April; WS) and summer-autumn (May to October; SA). Ovarian status was monitored by transrectal ultrasonography to record how long before or after ovulation AI was performed (pre-, peri-, or postovulatory AI) and to determine the onset of estrus-to-ovulation interval (EOI). Inseminations were performed using deep intrauterine AI with 1.5 × 10 9 FT sperm per dose. The first experiment was designed to determine the influence of the period of the year on FR and LS of FT semen. Sows (116 in WS and 100 in SA) were AI at 33 and 39 h after the onset of estrus. The period of the year influenced the FR and LS (P < 0.01). Farrowing rate and LS were least in SA (P < 0.05). This pattern of annual variation was similar to that shown by sows on the same farm currently undergoing AI with liquid semen (cervical AI at 12 and 36 h after the onset of estrus with 3 × 10 9 sperm per dose). However, the FR reduction in SA respect to WS was more substantial in sows artificially inseminated with FT (77.6 vs. 50%, P < 0.001) than those artificially inseminated with liquid semen (83.9 vs. 71.8%, P < 0.05). More pre-and less periovulatory AI were performed in SA sows than in WS sows (P ≤ 0.05). Experiment 2 was designed to evaluate whether the period of the year influenced EOI. Ovarian status was transrectal ultrasonography scanned every 6 h after the onset of estrus until the end of ovulation (WS: 30; SA: 31 sows). There were more sows with long EOI (>48 h) in SA than in WS (P ≤ 0.05). Experiment 3 aimed to improve the reduced FR and LS recorded in SA sows when using FT semen (Exp. 1) by inducing ovulation with eCG + hCG. A single AI with FT semen was performed 5 h before the expected ovulation (55 sows). As a control, spontaneously ovulating sows (n = 53) were FT-inseminated as in Exp. 1. Hormonal induction of ovulation did not improve FR and LS (P > 0.05). In the Spanish Mediterranean area, a longer EOI during SA negatively influenced the FR and LS of weaned sows after AI. This effect was particularly evident when FT semen was used. These findings were not ameliorated by hormonal induction of ovulation.
INTRODUCTION
Important advances in the production of frozenthawed (FT) boar semen and its use for AI have been made in recent years, increasing the efficiency of FT semen in commercial swine enterprises (Roca et al., 2006a,b; Grossfeld et al., 2008; Rath et al., 2009 ). However, FT semen is not routinely used due to its variable reproductive performance [in terms of fertility, farrowing rate (FR), and prolificacy] under field conditions. Its fertility has ranged from 40 to 85% (Eriksson et al., 2002; Roca et al., 2003; Bolarín et al., 2006; Wong- , 2006) . Several factors might account for this variation, including differences in postthaw sperm quality, the number of spermatozoa used per AI dose, and the interval between AI and ovulation (Roca et al., 2006a) . However, other factors known to affect swine reproductive performance, such as environment and season (Love et al., 1993; Peltoniemi et al., 2000; Peltoniemi and Virolainen, 2006) , may also have contributed to these differences. Seasonal impairment of pig reproduction is evident worldwide. A clear reduction in fertility occurs during summer and early autumn, when cervical AI with liquid semen is used (Peña et al., 1998; Peltoniemi et al., 1999; Gaustad-Aas et al., 2004; Suriyasomboon et al., 2006) . Complementary studies using FT semen are not yet available. This lack of data may in part be due to the variable reproductive performance found in many studies. An improved understanding of the impact of period of the year on FT semen fertility and prolificacy could help to explain differences among trials in the reproductive performance of FT-inseminated sows. Such an understanding could also facilitate the development of refined AI strategies that aim to achieve a high and consistent fertility and prolificacy using FT semen throughout the year. Therefore, the present study examined the influence of the period of the year on the reproductive performance of FT-inseminated sows. Ovarian status was monitored by transrectal ultrasonography (TRU). This monitoring allowed us to record how long before or after ovulation the AI was performed. The ability of hormone-induced ovulation to improve fertility and prolificacy in FT-inseminated sows was also evaluated.
Use of frozen-thawed semen aggravates the summer-autumn infertility of artificially inseminated weaned sows in the

MATERIALS AND METHODS
The experimental protocols were reviewed and approved by the Ethical Committee for Experimentation with Animals of the University of Murcia, Spain.
Farm Location and Climatic Data
The study was carried out over a period of 3 yr (2005 to 2007) on a commercial pig breeding farm (Agropor SL Group) located in Murcia, Spain (37° 59′ NL, 1° 08′ WL). Pens and farm rooms were exposed to natural day length, which varied from 14 h, 54 min of light during the summer solstice to 9 h, 30 min of light during the winter solstice. Maximum outside air temperature varied from 16.5°C in January (mid-winter) to 34.3°C in August (mid-summer). The minimum air temperature ranged from 3.8°C in January to 19.5°C in August. Relative humidity was always above 50%. The humidity ranged from 51% in July to 69% in December. Sunshine ranged from 172 h in January to 338 h in July. Day length and meteorological data were obtained from the Spanish State Agency of Meteorology (http://www. aemet.es).
Animals and Farm Management
Multiparous (2 to 7 parities) crossbred (Landrace × Large White) sows with a lactation period of 18 to 25 d and showing a mean BCS of 3.3 ± 0.1 (mean ± SEM), with a range of 2.5 to 4 (on a scale of 1 to 5), were randomly selected to carry out the different field experiments at first estrus postweaning. The weaned sows were placed into individual crates in large rooms with windows exposed to the natural day length (from 14 h and 54 min of light at the summer solstice to 9 h and 30 min of light at the winter solstice). The sows had ad libitum access to water and were fed a commercial diet (16% CP and 12.2 MJ of ME/kg of DM) twice daily, receiving from 3.0 kg/d in mid-winter to 2.5 kg/d in mid-summer.
Ten healthy and mature (2 to 4 yr of age) Pietrain boars of proven fertility were housed at a commercial AI station. The station was owned by the above-mentioned swine company. These boars were used as the source of ejaculates for the study. The boars were housed in individual pens in a climate-controlled (15 to 25°C) building. The facility was exposed to natural daylight and supplementary electric light to provide a 16-h daily light regime. The boars were given ad libitum access to water and were fed a commercial diet according to the nutritional requirements of adult boars.
Semen Processing, Sperm Cryopreservation, and Postthaw Sperm Quality Assessments
The sperm-rich fractions of ejaculates were collected 1/wk over 5 mo (November to March, 2004) by the gloved-hand method. Only ejaculates with more than 75% motile spermatozoa and more than 80% intact acrosomal ridges were used. For cryopreservation, sperm-rich fractions from each ejaculate were extended (1:1, vol/vol, in Beltsville Thaw Solution; BTS). They were then refrigerated at 17°C for 3 h and centrifuged at 2,400 × g for 3 min at 17°C. The supernatant was removed, and the sperm pellet was resuspended in a lactose-egg yolk extender [80 mL (80%, vol/vol, 310 mM β-lactose) and 20 mL of egg yolk] to a concentration of 1.5 × 10 9 sperm/mL. The sperm suspension was slowly cooled to 5°C for 2 h. The sperm suspension was then re-extended (2:1, vol/vol) with lactose-egg yolk extender containing 9% glycerol, and 1.5% Orvus Es Paste. This extension yielded a final concentration of 3% glycerol, 0.5% Orvus Es Paste, and 1 × 10 9 sperm/ mL (Hernandez et al., 2007) . The spermatozoa were then packed into 0.5-mL straws. The straws were frozen in a computerized freezing machine (IceCube 1810, Minitüb, Tiefenbach, Germany) at a rate of −6°C/min from 5 to −5°C. The temperature was then reduced at −40°C/min from −5 to −80°C. Finally, the temperature was reduced at −70°C/min from −80 to −150°C. The frozen straws were placed in liquid nitrogen until used for AI.
During each AI trial, straws from the 10 boars were thawed by direct plunging into a 37°C water bath. They were then shaken vigorously for 20 s. Straws were emptied and contents mixed into prewarmed (37°C) tubes containing BTS to obtain the required AI doses (7.5 mL of total volume per dose). The thawed sperm suspensions were evaluated for motility and plasma membrane integrity. The suspensions were then stored at 21 to 23°C until inseminations were performed (within 1 h after thawing). Sperm motility was evaluated using a computer-assisted semen motility analysis system (sperm class analyzer, Microptic, Barcelona, Spain) following the procedure described by Hernandez et al. (2007) . Plasma membrane integrity was cytometrically evaluated using the fluorescent probe SYBR-14 and propidium iodide according to the manufacturer's instructions (L-7011, Live/Dead Sperm Viability Kit, Molecular Probes Europe, Leiden, the Netherlands). The motility and plasma membrane integrity of the AI doses ranged from 45 to 60% and 51 to 65%, respectively.
Detection of Estrus and Ovulation
Estrus detection was performed by experienced personnel twice daily (0700 and 1900 h) beginning 3 d after weaning. Sows were checked for estrus in their crates 4 at a time using the back pressure test for approximately 5 to 7 min during nose-to-nose contact with a mature boar (randomly chosen from among the 4 teaser boars) located in the alleyway in front of the crates. Sows exhibiting a standing heat reflex in the presence of a boar were considered to be in estrus. The time of onset of estrus was defined as the first time a sow revealed a standing manual response minus 6 h. To standardize the AI strategy, only sows that started estrus at d 4 after weaning were selected. Most of the weaned sows on the farm came into estrus on this day (between 52 to 57%, without differences throughout the year).
Ovaries of sows exhibiting a standing reflex were examined by serial TRU to check for the presence of follicles and corpora lutea and to determine the moment of ovulation (Bolarín et al., 2009 ). The TRU examinations were performed by a single operator using a real-time, B mode scanner with a transrectal 7.5-MHz multi-angle transducer (Esaote Pie Medical, Maastricht, the Netherlands). Sows were removed from the study if they had a narrow anus or rectum or both (too narrow to insert the transrectal ultrasound device), if they were showing quiescent ovaries or abnormal ovarian structures, or if they had ovulated within 24 h from onset of estrus. In selected sows, the number of large follicles (≥6 mm in diameter) or corpora lutea was recorded at each scanning. Ovulation was defined as the sudden disappearance of the follicular structure in at least one-half of the previously identified large follicles.
Insemination Procedure
Frozen-thawed semen was deposited using a deep intrauterine insemination (DUI) procedure . This insemination procedure involved placing semen in the proximal one-third of one uterine horn (Martinez et al., 2005) . This procedure can achieve high fertility rates using as few as 1 to 2 × 10 9 total FT spermatozoa (Roca et al., 2006b ). For each sow, DUI took place in gestation crates and was performed using a Deep Blue catheter (Minitüb, Tiefenbach Germany). The procedure involved the introduction of a long (180 cm), flexible, and thin device through a conventional insemination catheter into one uterine horn. The catheter was inserted into the cervical folds as a guide. A FT semen dose of 7.5 mL containing 1.5 × 10 9 spermatozoa was slowly infused through the flexible catheter using a temperate syringe. Before removing the device, an extra 2 mL of sperm-free BTS was flushed through the catheter to force any remaining spermatozoa into the uterus. All DUI were carried out by 2 experienced technicians.
Fertility Assessments
The AI sows were exposed once daily to teaser boars from d 18 through 35 after the onset of estrus. This exposure was used to identify nonpregnant sows. The sows that returned to estrus (RE) were divided into 2 groups. The first group was composed of those that showed regular (18 to 24 d) estrus intervals. The second group consisted of those that showed delayed estrus intervals (longer than 24 d). Pregnancy was confirmed by transabdominal ultrasonography at d 28 after AI (Martinez et al., 1992) . Pregnant sows were monitored until term for abortions, farrowing, and number of piglets born; all of these variables were recorded. The FR was assessed as the proportion of sows that farrowed after AI. Litter size (LS) was defined as the total number of piglets born (dead and alive) per litter.
Experimental Design
Sows were arbitrarily grouped according to 2 different periods of the year (SA, summer-autumn; and WS, winter-spring). This division was done following the guidelines reported by Peltoniemi et al. (2000) , with focus on seasonal sow infertility, being adapted to locally defined hot and cold months in the Mediterranean area (Murcia, Spain). The SA period ran from May to October (based on the prevalence of days with minimum and maximum air temperature up to 15 and 25°C, respectively) and WS from November to April (prevalence of days with minimum and maximum air temperature down to 10 and 20°C, respectively). This division in SA and WS was confirmed by the monthly variation on fertility and prolificacy recorded in the farm during 2 yr before the present experiments startFertility of frozen-thawed semen in sows ed. Sows showing health problems were removed from the experiments.
Exp. 1: Effect of the Period of the Year on the Reproductive Performance of Weaned Sows Inseminated with FT Semen. Given the variable reproductive performance of FT semen among trials, this experiment evaluated the effect of the period of the year on this variability. At the onset of estrus, multiparous sows with a weaning-to-estrus interval (WEI) of 4 d were randomly assigned (4 to 6 sows every week) to the WS (n = 116) or SA group (n = 100). The mean ± SEM of parity and that of the number of piglets born in the latest farrowing were similar (P > 0.05) in the 2 groups (for WS sows, 3.7 ± 0.1 parity and 10.9 ± 0.1 piglets; for SA sows: 3.8 ± 0.1 parity and 10.8 ± 0.1 piglets).
Sows were double FT inseminated at 33 and 39 h after the onset of estrus. The ovaries of each selected sow were TRU scanned at 24 h after the onset of estrus and just before each AI. Using this scan, the sows were grouped into 3 categories based on how long before or after ovulation the DUI inseminations were to be completed. Each AI was classified as 1) preovulatory, when large follicles were visible before the 2 AI; 2) periovulatory, when ovulation had occurred during or between the 2 AI; or 3) postovulatory, when corpora hemorrhagica were visible before the first AI. Thus, pre-, peri-, and postovulatory ovarian status indicated that the sows had ovulated >39, 33 to 39, and <33 h after onset of estrus, respectively.
The reproductive performance of sows undergoing AI using liquid semen on the same farm during the experiment period was recorded and used as a reference for the reproductive performance of FT semen. A similar number of weaned sows with the same WEI (WS, n = 112; SA, n = 110) were randomly selected each week and subjected to the usual AI program used on the farm. These sows were cervically inseminated at 12 and 36 h after the onset of estrus with liquid semen. Each AI dose consisted of 3.0 × 10 9 sperm extended in 80 mL of BTS. The liquid semen was a mixture of semen from the same boars that provided the FT semen doses (pooled from 3 to 4 boars). The reproductive performance of sows inseminated with FT and liquid semen was evaluated as explained above.
Exp. 2: Influence of the Period of the Year on the Estrus-to-Ovulation Interval. In an effort to explain the large decreased in FR and LS in FTinseminated sows during SA, the occurrence of ovulation was monitored in weaned multiparous sows. Sows that had a WEI of 4 d were randomly selected (9 to 13 sows/wk) at the onset of estrus and assigned to the WS (n = 30) or SA groups (n = 31). The mean ± SEM parity and that of the number of piglets born in the latest farrowing, respectively, were as follows: for WS sows, 3.6 ± 0.3 and 11.2 ± 0.3; for SA sows, 3.5 ± 0.3 and 11 ± 0.3 (P > 0.05). The ovaries of each sow were scanned by TRU at intervals of 6 h from the onset of estrus until the completion of ovulation (when the number of large follicles was zero). According to the elapsed time from the onset of estrus to ovulation, the sows were grouped into 3 different intervals: <24 h, 24 to 48 h, and >48 h.
Exp. 3: Effect of Hormonal Induction of Ovulation on the Fertility and Prolificacy of Weaned DUI-Inseminated Sows Using FT Semen for SA. Based on Exp. 2, induction of ovulation seemed to be a reasonable way to improve the FR and LS of FT-inseminated sows during SA. A total of 108 weaned sows were randomly selected during SA (4 to 6 sows every week) and assigned to hormonal treatment (ovulation induction) or control (spontaneous ovulation). In the hormonal treatment group, the sows (n = 55) received intramuscularly 1,250 IU of eCG (Folligon, Intervet International B.V., Boxmeer, the Netherlands) 24 h after weaning and 750 IU of hCG (Veterin Corion, Divasa Farmavic S.A., Gurb-Vic, Barcelona, Spain) 72 h later to stimulate follicular development and induce ovulation. The sows underwent AI with FT semen at 37 h after hCG treatment. Control sows with a WEI of 4 d (n = 53) underwent AI with FT semen twice at the onset of estrus following the same schedule as was described for Exp. 1. The mean ± SEM parity and number of piglets born per farrowing were 3.8 ± 0.2 and 11 ± 0.2, respectively, for the sows that received hormonal treatment (P > 0.05). For the controls, the mean ± SEM parity and number of piglets born per farrowing were 3.6 ± 0.2 and 10.9 ± 0.2, respectively (P > 0.05). As in Exp. 1, the ovaries of each selected sow were TRU scanned 24 h after the onset of estrus and just before each AI. Sows were grouped into 3 categories based on how long before or after ovulation the DUI inseminations were to be completed (pre-, peri-, and postovulatory).
Statistical Analyses
The data were analyzed (SPSS Inc., Chicago, IL). The percentage of RE, abortion, and farrowing were modeled according to a binomial model of variables (Fisz, 1980) . Fertility variables were analyzed by ANO-VA using mixed models. In Exp. 1, the statistical model included the fixed effect of period of the year (WS vs. SA). In Exp. 3, the model included the fixed effect of the AI schedule (hormonally induced ovulation vs. spontaneous ovulation). Parity and lactation length did not affect any of the fertility variables evaluated in these experiments. Therefore, these effects were not included in the statistical models. The time frame of AI within the period of the year was random in the statistical models of both experiments. When ANOVA revealed a significant difference, values were compared using the Bonferroni test. The distribution of FT inseminations into pre-, peri-, and postovulatory groups (Exp. 1 and 3) and the differences in estrus-to-ovulation interval (EOI) between WS and SA (Exp. 2) were analyzed using a chi-square test. Differences were considered to be significant when P ≤ 0.05.
RESULTS
Exp. 1: Effect of the Period of the Year on the Reproductive Performance of Weaned Sows Inseminated with FT Semen
The period of the year affected the reproductive performance of weaned sows inseminated with FT semen (P < 0.01). The greatest RE, the least FR, and the smallest LS were obtained when AI was done during SA (Table 1) . This pattern was similar to that shown by sows undergoing AI with liquid semen on the same farm. However, the magnitude of variation between periods of the year was different for FT and liquid semen (Figure 1 ). The increased RE and reduced FR with respect to WS during SA were more noticeable in sows undergoing AI with FT semen.
The FT-inseminated sows were separated according to how long before ovulation the DUI inseminations were to be performed (pre-, peri-, or postovulatory AI). Using these categories, the proportions of sows in each group varied depending on the period of the year (P ≤ 0.05). More periovulatory and fewer preovulatory FT inseminations were seen in WS than in SA (Figure 2) . Farrowing rates and LS achieved with pre-, peri-, or postovulatory FT AI in both periods of the year are compiled in Table 2 . Pre-and postovulatory FT AI led to a reduced FR in SA than in WS (P ≤ 0.05). Periovulatory FT AI consistently yielded greater FR, regardless of the period of the year (P > 0.05). Litter size did not vary according to ovarian status at the time of AI within the same period of the year, nor did it vary across periods of the year when the ovarian status was the same (P > 0.05). Figure 3 shows how the occurrence of ovulation after the onset of estrus varied between the 2 periods of the year in weaned sows with the same WEI. Overall, the EOI exhibited greater variability during SA than during WS. The longest (P ≤ 0.05) EOI was observed during SA.
Exp. 2: Influence of the Period of the Year on EOI
Exp. 3: Effect of Hormonal Induction of Ovulation on the Fertility and Prolificacy of Weaned DUI-Inseminated Sows Using FT Semen for SA
The distribution of FT-inseminated sows according to their ovarian status at the time of DUI did not differ (P > 0.05) between hormonally induced or spontaneously ovulated sows. There was no difference (P > 0.05) in FR or LS when spontaneous and hormonally induced ovulation were compared among FT artificially inseminated sows (Table 3) . However, it is important Values with different superscripts within a row differ by P < 0.01. Indicates differences at P < 0.05 and P < 0.001, respectively, between winter-spring and summer-autumn within the same semen source.
Fertility of frozen-thawed semen in sows to highlight that those sows in which ovulation was induced showed the greatest fertility rates.
DISCUSSION
This study demonstrates that in southern Spain, under Mediterranean conditions, the outcome (in terms of fertility and prolificacy) of AI practiced on breeding sows under commercial conditions is clearly influenced by the period of the year when the AI was performed. This influence is more noticeable when the sows undergo AI with FT semen compared with the commonly used liquid semen. There was a considerable increase in RE and a subsequent reduction in FR and LS in sows that had been inseminated during SA compared with those inseminated during WS. This annual pattern of RE and FR has been well documented in naturally mated or liquid AI sows throughout the world (Peltoniemi and Virolainen, 2006) . Some of these studies included similar environmental conditions to those in the Spanish Mediterranean area (Dominguez et al., 1996; Peña et al., 1998) . Long photoperiod and high ambient temperatures are the main environmental cues determining seasonality in pigs, which is evidenced by a prolonged WEI and a reduction in fertility, particularly FR, during summer and early autumn (Martinat-Botte et al., 1984; Love et al., 1993; Peltoniemi et al., 1999 Peltoniemi et al., , 2000 The decrease in the FR seems to be caused by an early disruption of pregnancy, with some sows showing delayed returns to estrus (Tast et al., 2002) . Overall, these seasonality manifestations have been evidenced in the sows inseminated in the present study, regardless of whether they were inseminated with liquid or FT semen.
Unlike the above-mentioned studies, our experiments showed that the influence of period of the year was dependent on semen source. Whereas the outcome of pregnancy and prolificacy of sows undergoing AI with liquid or FT semen showed a similar pattern of annual variation, the drop in FR during SA was substantially greater for FT-AI sows than for LS-AI sows. To the best of our knowledge, no studies have reported similar data concerning seasonal effects on reproductive performance of FT-inseminated sows. The physiological basis for the increased sensitivity of FT semen to seasonality remains unknown. In the absence of possible variations in quality of FT spermatozoa (all AI doses used in the different experiments came from the same semen pool) and excluding the influence of some reproductive variables of sows, such as parity, lactation length, or WEI (they were the same for FT-and LS-inseminated sows), it is likely that the interaction between FT semen and the genital tract of the sow would be the main reason. Figure 2 . Distribution of weaned sows in each period of the year according to how long before or after ovulation the deep intrauterine inseminations were to be performed. Ovarian status was visualized at the moment of AI with frozen-thawed semen (at 33 and 39 h after onset of estrus). Pre-, peri-, and postovulatory ovarian status indicates that sows ovulated >39, 33 to 39, and <33 h after onset of estrus, respectively (Exp. 1). a,b
Indicates statistical differences (P < 0.05) between winter-spring and summer-autumn within the same ovarian status. The numbers inside the bars indicate the percentage and total number (in parentheses) of sows. Table 2 . Farrowing rates and litter sizes of weaned sows receiving deep intrauterine insemination (twice at 33 and 39 h after onset of estrus) with frozen-thawed semen (1,500 × 10 6 sperm per AI dose) during winter-spring (WS; November to April) or summer-autumn (SA; May to October) in southern Spain Values with different superscripts within a row differ by P < 0.05.
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The data are distributed according to ovarian status at the time of AI (Exp. 1). Preovulatory: large follicles visible before the 2 AI; periovulatory: ovulation occurred during or between the 2 AI; and postovulatory: corpus hemorrhagica visible before the first AI. Liquid and FT spermatozoa differ in their functional lifespan within the female genital tract. This difference may explain the drastic decrease in fertility for FT semen during SA. In fertilization trials, it has been established that liquid preserved spermatozoa remain functional in the genital tract of sows for 18 h post-AI. In contrast, FT spermatozoa are functional for about 6 to 8 h Wongtawan et al., 2006) . This difference explains why the interval between AI and ovulation is more important for FT-AI than for liquid-AI (Bolarín et al., 2006) . By affecting the interval between AI and ovulation, seasonality might directly compromise the fertilizing ability of FT semen. In the current study, seasonal variation in the onset of EOI was deduced by evaluating the distribution of FTinseminated sows in each of the 3 categories of ovarian status at AI time. The distribution pattern during SA showed a greater and lesser proportion of pre-and periovulatory AI, respectively, when compared with WS, regardless of the fact that AI was performed at the same time (counted from the onset of estrus) in both periods of the year. The overall fertility of FT semen depends on how close AI occurs relative to the moment of ovulation (Bolarín et al., 2006) . This explains why Preovulatory: large follicles visible before the 2 AI; periovulatory: ovulation occurred during or between the 2 AI; and postovulatory: corpus hemorrhagica visible before the first AI.
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Litter size indicates the total number of piglets born per litter. 4 Weaned sows with spontaneous ovulation were twice DUI at 33 and 39 h after the onset of estrus. reduced fertility was observed among FT-AI sows during SA than during WS. The preovulatory fertility difference between periods of the year was surprising and seems to indicate that the percentage of sows undergoing AI long before ovulation was greater during SA than during WS. To expand on this finding, a second experiment was carried out. The ovaries of weaned sows were evaluated by TRU in both periods of the year to identify differences in EOI. The period of the year influenced the EOI. It was longer during SA than WS. The tendency of sows to ovulate later in SA explains the reduced fertility of preovulatory AI during SA. This finding confirms that a large number of sows underwent AI too soon before ovulation during SA. The effect of season or period of the year on EOI remains controversial. Belstra et al. (2004) reported seasonal changes in EOI when weaned sows were studied using TRU every 6 h. Sows ovulated later in summer than they did during spring. However, other studies have not detected seasonal differences in EOI Knox and Zas, 2001 ). The factors responsible for seasonal differences in EOI are not well understood. However, differences in the duration of estrus could be a contributing factor. There are some reports indicating that the duration of estrus is, on average, longer in the SA months (Soede and Kemp, 1997) , and it seems that the farm itself, particularly depending on its geographical location, and the genetics of the population, could contribute to this effect (Belstra et al., 2004) . Elevations of body temperature at critical periods have been shown to influence ovarian function (Lucy et al., 2001) . Such influence could lay behind the longer EOI recorded during SA than during WS in the present study. Furthermore, it has been reported that heat stress has a delayed effect on ovarian function, particularly on follicular development (Guzeloglu et al., 2001; Roth et al., 2001) , which could explain the increased EOI variability exhibited during SA.
The results of the 2 first experiments demonstrated a drastic drop in the fertility of FT-inseminated sows during SA. This decrease could be related to increased variability of EOI during SA. This variability could cause FT-AI to fall outside of the preovulatory interval of 4 to 8 h. Therefore, it seems reasonable to suggest that specific AI strategies should be designed for FT semen during the SA months. These strategies might be particularly important in warm regions and could allow consistent fertility levels throughout the year. Performance of a third AI would be logical since it would increase the probability that at least one AI fell inside the safe interval of 4 to 8 h before ovulation (Wongtawan et al., 2006) . Alternatively, induction of ovulation using hormones could provide an accurate AI ovulation interval. Such induction might be a better option because an additional AI would require considerable expense. Administration of eCG combined with hCG induced estrus and ovulation in weaned sows (Christenson and Teague, 1975; Hühn et al., 1996) . These hormones allow single AI at a predetermined time without estrus detection, thus reducing expenses (particularly labor expenses). Furthermore, eCG + hCG treatment has been demonstrated to minimize the effects of season on fertility in weaned sows (Bates et al., 1991; Almond and Bilkei, 2006) . A common protocol for inducing synchronized estrus and ovulation time in swine consists of administration of eCG at 24 h after weaning followed by hCG 60 to 72 h later (Hühn et al., 1996; Duanyai and Srikandakumar, 1998) . The treatment schedule used in this study was 1,250 IU of eCG at 24 h after weaning followed by 750 IU of hCG 72 h later. This schedule was effective in weaned sows because it promoted simultaneous follicular development (Bolarín et al., 2009 ). This method kept most ovulations within a window of 40 to 42 h after hCG administration in weaned sows treated during winter (A. Bolarín and J. Roca, unpublished data) and resulted in an FR as great as 78% after a single DUI with 1 × 10 9 FT spermatozoa (Roca et al., 2003) . However, the FR obtained during SA was just above 60%. Similar seasonal fertility responses to gonadotropin treatments in weaned sows have been detected (Bates et al., 2000) . These seasonal differences in FR suggest that the effect of eCG + hCG treatment on ovulation synchronization is seasonally dependent. A less well synchronized response to eCG + hCG treatment during SA was confirmed in Exp. 3, which showed variable distribution of hormonally treated sows in pre-, peri-, and postovulatory conditions at the time of AI.
Hormone (eCG + hCG) treatment did not ameliorate the negative influence of climatic conditions during SA on the fertility of FT semen. However, the value of this treatment should not be underestimated because it led to a 20% (11 points) improvement in FR and 0.9 more piglets per litter. Both of these variables are of economic and productive relevance. As always, improved fertility should be balanced against the cost of hormone doses, labor fees, animal welfare issues, and consumer requirements. Ethical concerns related to the use of exogenous hormones in agriculture must be also considered.
In conclusion, the data obtained in this study demonstrate that, in southern Spain, under Mediterranean conditions, the outcome (in terms of fertility and prolificacy) of AI practiced on breeding sows under commercial conditions is clearly influenced by the period of the year when the AI was performed. The mean FR and LS size were less during SA than during WS. This seasonal pattern was similar to that in sows undergoing AI with liquid semen. However, the magnitude of variation was more noticeable for FT-inseminated sows. This finding could be related to the variation in the time of ovulation after onset of estrus observed in SA. Such variation makes it difficult to ensure that AI occurs near ovulation. The application of eCG and hCG together with a single AI at a fixed time did not substantially improve the fertility of FT-inseminated weaned sows during SA. Future studies on this matter are warranted.
